INTRODUCTION
Biotin, a member of the family of water-soluble vitamins (also known as vitamin B7) is an 42 indispensable micronutrient for normal human health due to its essentiality for cellular 43 metabolism, proliferation, and survival. Marginal and severe degrees of biotin deficiency lead to 44 a variety of clinical abnormalities that include neurological disorders and dermal abnormalities 45 (40, 45) . Such deficiency/sub-optimal levels occur in a variety of conditions including 46 inflammatory bowel disease (IBD) (1, 12) , inborn errors in biotin metabolism (multiple 47 carboxylase deficiency); (10), and chronic alcoholism (6) among others. At the metabolic level, 48 biotin acts as a co-factor for five carboxylases that are critical for fatty acid, glucose and amino 49 acid metabolism (27, 40, 45) . Important roles for this vitamin in cellular energy metabolism (i. 50 e., ATP production) and in regulation of cellular oxidative stress (24), as well as in gene 51 expression (where expression of over 2,000 human genes appears to be affected by biotin status; 52 (36, 38, 40) have also been reported recently. Emerging evidence has also been accumulating 53 showing a role for biotin in the functions of immune cells (20) . In reference to the latter, biotin 54 was shown to be important for the activity of human natural killer (NK) lymphocytes (32), for 55 the generation of cytotoxic T lymphocytes (CTLs) (19) , and for the maturation and 56 responsiveness of immune cells (4). Defects in T cell and B-cell immunity have been reported in 57 patients with multiple carboxylase deficiency, a condition associated with biotin deficiency (10) . 58 Increase in the levels of pro-inflammatory cytokines, (TNF-α) and interleukin-1b (IL-1β) has 59 also been observed in biotin deficiency (20) (21) (22) . Our recent studies in mice with a conditional 60 (intestinal-specific) knockout (KO) of the biotin transporter SMVT (product of the SLC5A6 61 gene) have shown that these animals also develop chronic spontaneous intestinal inflammation, 62 especially in the cecum (13) , presumably in response to the moderate degree of biotin deficiency 63 4 uniformly induced by defective biotin transport. From the above, we infer that biotin deficiency 64 leads to significant metabolic disturbances and to immune dysfunction.
65
The majority of the previous studies have examined the effect of biotin deficiency on the 66 functions of adaptive immune T, B and NK cells (14, 37) . Virtually nothing is known about the 67 effect of biotin deficiency on innate immune cells such as dendritic cell (DCs). DCs are the 68 primary antigen presenting cells and key to initiating and regulating an immune response (5).
69
DCs are distributed throughout the body including below the epithelial cells lining the gut and 70 are amongst the primary responders to infections (5, 29 DCs have a major influence on T cell responses (16, 25) . Exposure of DCs to ligands of all these 76 PRRs results in production of cytokines that modulate the type of T cell response and functions.
77
Upon interaction with DCs, CD4 + T cells can differentiate into a variety of effector and 78 regulatory subsets, including classical Th1 cells and Th2 cells, follicular helper T cells, induced 79 regulatory T cells and the more recently defined Th17 cells (16, 17, 25) . The nature of the 80 cytokines produced by DCs in response to various ligands dictates the type of Th cell responses.
81
For example, IL-12p70 secretion by DCs polarizes towards Th1 cells while the production of IL- with streptavidin beads to remove any traces of biotin, was then added to the culture medium at a 113 concentration of 5%. Finally, biotin deficient, sufficient (control) and over-supplemented culture 114 media were then prepared by adding 0, 10 and 100 µM biotin, respectively.
115

Culture and stimulation of human monocyte-derived DCs 116
Monocyte derived DCs were prepared as described before by culturing the purified 117 monocytes with GMCSF and IL-4. DCs (CD14 -HLA-DR + CD11c + cells) were collected after 6 118 days (3). The purity of the DCs was > 95% as determined by the expression of CD14, CD11c 119 and HLA-DR. DCs collected were washed and cultured in biotin deficient, control and over 120 supplemented media for 72h. For the last 24h, the cells were stimulated with LPS (100 ng/ml) 121 and supernatant was collected and stored at -70°C until analyzed. Multiplex cytokine/chemokine 122 detection was performed using Magpix kit (eBioscience) as per the manufacturer's protocol. Control and LPS-stimulated DCs were stained for the expression of CD80, CD86, and 124 HLADR (BD PharMingen) using specific antibodies (3). Analysis was performed with Flow jo 125 (Treestar Inc). 127 LPS-stimulated and unstimulated DCs were cultured with magnetic bead purified 128 (StemCell, Vancouver, Canada), allogeneic CD4 T cells at a ratio of 1:10. After 6 days of 129 incubation, the supernatant was collected and the secretion of IFN-γ, IL-10, IL-17 and IL-22 was 130 assessed using multiplex (eBioscience). IL-22 was assayed using ELISA (RnD systems). vs. control ~345pg/ml), IL-1β (biotin deficient ~53pg/ml vs. control ~27pg/ml), IL-23 (BDM 165 ~181pg/ml vs. control ~100pg/ml) and IL-12p40 (BDM ~4080pg/ml vs. control ~1842pg/ml) 166 after stimulation with LPS ( Figure 2A ). LPS stimulated DCs cultured in biotin over-167 supplemented medium displayed comparable level of these cytokines to controls except for IL-168 12p40 which was significantly reduced in this group (p=0.02). IL-23 secretion was also reduced 169 although not to a significant level (p = 0.7).
126
DC-T cell co-cultures
170
In addition to the above cytokines, LPS-stimulated DCs cultured in BDM also secreted 171 significantly (p < 0.05) higher levels of IL-1α, IL-6, CXCL-10 and IL-10 ( Figure 2B Figure 2B ). CXCL-10 secretion was also significant (p <0.005) in LPS-178 stimulated biotin deficient DCs verses biotin over supplemented DCs. The secretion of 179 chemokines CCL-3 and CCL-4 was comparable between the three groups ( Figure 2C ).
180
Chemokines, CCL-2 and CXCL-8 were not induced at significant levels (p > 0.05) after LPS 181 stimulation in all groups ( Figure 2C ). In summary these data demonstrate that biotin deficiency 182 enhances the capacity of LPS-stimulated DCs to secrete pro-inflammatory and Th1, Th17 183 promoting cytokines and chemokines. Th2, Treg or Th17. High IL-23 and IL-1β favor IL-17 production from Th cells, while high IL-188 12p70 favors IFN-γ production (16, 25) . Therefore, given the distinct profile of cytokine 189 secretion by biotin deficient DCs, we explored its effect on Th cell responses. DCs were cultured 190 in medium with various concentrations of biotin and stimulated with LPS as described in Figure   191 1. Subsequently, the DCs were washed and cultured together with purified, CD4 T cells for five (Figures 1 &2) . This is in keeping with previous studies in which an 234 enhanced secretion of TNF-α was also observed in murine macrophages cultured in biotin 235 deficient (21). Moreover, biotin starvation is also reported to enhance the production of reactive Similarly, increased levels of IL-23/Th17 have been demonstrated to be of pathogenic relevance 246 in a growing number of chronic inflammatory diseases (7) . GWAS studies in humans suggest 247 that Th17 cells have a major role in inflammatory diseases of the mucosal tissues including the 248 gut, lung and skin (33). In this regard increased activity of IL-23/Th17 axis has been implicated 249 in Crohn's disease, ulcerative colitis and colon cancer in the gut (42, 46) . Asthma, chronic Biotin has a major role in cellular energy homeostasis because it functions as a key 258 cofactor in various carboxylases which are essential for the mitochondrial metabolism of 259 glucose, fatty acids and amino acids (19, 24, 27, 40) . A recent study in yeasts has also shown that inflammatory Th1/Th17 responses. We also find that the activation of AMPK, a major regulator 282 of inflammation, is reduced in biotin deficient DCs. Our studies thus highlight a possible 283 mechanism of inflammation induced by biotin deficiency. 
